Abstract We investigated the frequency and distribution of osteopenia according to the clinical severity in ankylosing spondylitis (AS). Bone mass was measured in men with mild (n=45) and severe AS (n=31) with dualenergy X-ray absorptiometry (DEXA). Definition of clinical severity was based on the Schober's test. Osteopenia was commonly detected (48% in mild AS and 39% severe AS) and, in mild disease, more frequently observed at the lumbar spine than any of the proximal femur sites. In severe AS, however, the frequency of osteopenia at the femoral neck and Ward's triangle was as high as at the lumbar spine. Both bone mineral density and T-scores in severe disease were lower than in mild disease at the femur neck, Ward's triangle, and total proximal femur, but not in the lumbar spine. The progression of osteopenia may be reflected more reliably at proximal femur sites than at the lumbar spine.
Introduction
Ankylosing spondylitis (AS) is a human leukocyte antigen (HLA)-B27-associated spondyloarthropathy that affects both sexes, but especially men. It is characterized by sacroiliitis and progressing spinal ankylosis with paravertebral ossification over years. It is known that patients with AS are prone to spinal fracture, which may be primarily attributed to spinal osteopenia [1, 2, 3] . Osteopenia is a well-known complication of AS, but its frequency, severity, anatomical distribution, and relation to the clinical severity of AS are controversial.
It is known that the dual photon absorptiometry values of lumbar bone mineral content were significantly diminished in male patients with radiographically less severe AS compared with controls but not in those with more severe disease [4] . In a dual-energy X-ray absorptiometry (DEXA) study, the mean bone mineral density (BMD) at the lumbar spine, in patients with radiographically severe AS, was higher than in those with mild AS but that this was not the case at the proximal femur [5] . Donnelly et al. reported that the DEXA Zscore at the proximal femur decreased in proportion to clinical disease severity (based on the Schober index), while the Z-score at the lumbar spine increased in the severe disease group vs the mild disease group [6] . Lee et al. showed that the DEXA Z-score at the lumbar spine was lower than that predicted for early disease subjects but not in the late disease group, while conversely the Z-score at the proximal femur was lower than predicted in late disease subjects but not in the early disease group [7] .
We assessed bone mass of the lumbar spine and proximal femur in Korean male patients with AS using DEXA and analyzed the distribution of osteopenia according to the clinical severity of AS.
Materials and methods
We examined 76 consecutive men with AS who visited the rheumatology clinic in Seoul National University Hospital between March 1997 and August 1998. The patients fulfilled the modified New York criteria for AS [8] . Those with risk factors of osteoporosis, such as diabetes mellitus and steroid medication, were excluded. Careful history taking and physical examination, which included the modified Schober's test [9] and radiographs of the cervical, thoracic, and lumbar spine and pelvis were taken in each case.
Bone mass was measured at the lumbar spine (L2-4) and the proximal femur (femoral neck, Ward's triangle, greater trochanter, and total proximal femur) using DEXA (DPX and EXPERT, Lunar). Results are expressed as bone mineral density (BMD in g/cm 2 ) and T-scores. The T-score was defined as the standard deviation by which a patient's BMD differed from the mean BMD of normal Korean young controls, as provided by the Korean branch of the manufacturer. Osteopenia was defined by T-scores of <À1 and osteoporosis by £ À2.5, which are a modification of WHO criteria [10] . Osteopenia included osteoporosis in our series. The functional class of patients was assessed according to the American College of Rheumatology 1991 revised criteria [11] . Clinically mild or severe disease was defined to be present when anteroposterior mobility of the lumbar spine was ‡5 cm or <5 cm, respectively. In this study, we compared the bone mass results and clinical features of cases with mild and severe disease.
Results
Clinical characteristics and the spinal X-ray abnormalities of patients are summarized in Table 1 . Forty-five patients (59.2%) were enrolled with mild disease and 31 (40.8%) with severe disease. Mean ages at study entry and disease onset were higher in patients with severe disease than with mild disease (32.7±7.1 years vs 24.9±6.8 years and 22.1±6.3 years vs 16.2±5.3 years, respectively) (P<0.001 by Student's t-test). Functional class III/IV was more frequent in the severe disease group than in the mild disease group (22.6% vs 2.2%) (P=0.0067 by Fisher's exact test). No difference between the two groups was found in the duration of disease or back symptoms. Syndesmophytes and abnormalities of facet joints on spinal radiography were more common in patients with severe disease than in those with mild disease (64.5% vs 15.6% and 38.7% vs 4.4%, respectively) (P<0.001 by chi-square test). HLA B27 was found to be positive in all patients.
Frequency of osteopenia and osteoporosis
The frequencies of osteopenia and osteoporosis at the lumbar spine and total proximal femur were 47.7% and 4.5%, respectively, in patients with mild disease, 38.7% and 12.9% in those with severe disease, and 43.4% and 7.9% in all patients (Table 2) . Osteopenia was more frequently observed at the lumbar spine than any of the proximal femur sites in mild disease. In severe AS, however, its frequency at the femoral neck and Ward's triangle was as high as at the lumbar spine. Although the frequency of osteoporosis at the lumbar spine seemed to be higher than at the proximal femur in severe disease, this was not statistically significant. A difference in the frequencies of osteopenia between the mild and severe disease groups was observed only at Ward's triangle (17.8% vs 51.6%) (P<0.01 by chi-squared test). Three cases (3.9%) experienced lumbar vertebral fracture (all at L1), and all were included in the mild disease group.
Comparison of bone mass according to clinical severity
There was no difference in BMD or T-score at the lumbar spine between mild and severe AS (Table 3,  Table 4 ). However, BMD (in g/cm 2 ) at the femur neck, Ward's triangle, and total proximal femur in severe disease was lower than in mild disease (0.926±0.122 vs 0.999±0.142, 0.770±0.147 vs 0.886±0.165, and 0.956±0.117 vs 1.036±0.142, respectively) (P<0.05 by Student's t-test). T-scores at the same regions in severe disease were also lower than in mild disease (À0.161±1.021 vs 0.449±1.212, À0.842±1.132 vs 0.047±1.265, and 0.055±0.891 vs 0.684±1.091, respectively) (P<0.05 by Student's t-test). In mild disease, T-scores were lower at the lumbar spine than at any of the proximal femur sites (P'<0.05 by Student's t-test for all) ( Table 4 ). In cases of severe disease, T-scores at the lumbar spine were lower than at the greater trochanter and total proximal femur (À0.689±1.142 vs 0.682±1.218 and vs 0.684±1.091, respectively) (P<0.05 by Student's t-test), but they were not different from those at the femoral neck and Ward's triangle. The T-scores were lowest at Ward's triangle.
Discussion
Osteopenia in AS is generally considered to be caused by the immobilization associated with spinal ankylosis and rigidity, and it is believed to be restricted to patients with advanced disease [12] . However, it has recently been reported that osteopenia frequently occurs in patients with early or mild AS who show little clinical or radiographic evidence of spinal disease [4, 5, 7, 13] . In agreement with these findings, we found that some of the patients with mild disease in our study (47.7%) had osteopenia. This frequency was higher than in the severe disease group (38.7%), although statistically insignificant. The pathogenetic mechanisms of osteopenia are not clearly understood. In addition to immobilization, local or systemic cytokines that inhibit bone formation or augment bone resorption may be involved, since osteopenia was frequently observed even in patients with early or mild disease who were ambulatory and showed spinal mobility [14] .
Bone mass measurements of the lumbar spine or proximal femur in AS patients depended upon the radiographic or clinical severity of the spinal disease and upon the measuring methods used [4, 5, 6, 7] . In the present study, although the BMD and T-score at the lumbar spine were unaffected by clinical severity, those at the femoral neck, Ward's triangle, and total proximal femur were lower in the severe disease group than the mild disease group, which is comparable to the findings of Donnelly et al. and Lee et al. (Table 3, Table 4 ). Unlike previous reports [6, 7] , we did not find significantly increased bone mass at the lumbar spine in the severe disease group. This could have been due to the short disease duration of our severe disease group (mean duration 10.6±4.9 years) as compared with these earlier reports.
Previous results [4, 7] and those of the present study show that bone mass at the lumbar spine, as measured by dual photon absorptiometry or DEXA, does not reflect the real progression of bone loss in AS patients. It is due to paravertebral syndesmophytes and abnormalities of the facet joints (fusion, sclerosis, etc.) in AS which influence bone mass measurement at lumbar spine. In our study, paravertebral syndesmophytes and abnormalities of the facet joints were found to be more frequent in severe AS patients than in mild AS patients (Table 1) . Recent reports using quantitative computed tomography have revealed progressive bone loss in the central part of the vertebral body in spite of paravertebral calcification [4, 7] .
Singh et al. showed that measurements of the femoral neck and Ward's triangle are more sensitive than lumbar measurements for the detection of osteopenia in patients with AS [15] , but we believe that this might be applicable only to those with advanced AS. Our results suggest that the lumbar spine is a more sensitive site for the detection of osteopenia than the proximal femur in patients with mild AS (Table 2, Table 4 ). Our findings are supported by another study which found that bone mass measured at lumbar sites was lower than normative values in early AS, but that this was not apparent at the proximal femur [7] . Although osteopenia was often detected in cortical bone such as the femur neck (especially in severe AS patients), trabecular bone such as the lumbar vertebral body, or Ward's triangle was associated with more frequent and severe osteopenia ( Table 2, Table 4 ). It appears that trabecular bone is more vulnerable to bone loss in AS.
Vertebral compression fractures due to osteoporosis are common but frequently unrecognized complications of AS and may contribute to the pathogenesis of spinal deformity and back pain [16] . In addition to compression fractures, transverse vertebral fractures also often occur in advanced AS patients. These observations reflect the fact that trabecular osteopenia and paravertebral calcification change the vertebral body into a tubular structure, like a long bone, and thus increase the likelihood of transverse vertebral fractures [1, 2, 3] . Ankylosed spines are likely to be fractured by minor trauma and result in significant morbidity, a high incidence of neurologic deficit, and even death in the case of cervical fractures [1, 2, 3, 17] . The vertebral fracture rate in AS is reported to be 10.3% to 16.7% in Western countries [6, 16, 18] and 40.9% in Turkey [19] . Our data suggest a fracture rate of 3.9%, which is lower than previously reported. This may be attributed the younger age (28.1±7.9 years) and shorter mean duration of disease (9.4±5.1 years) of our patients. Donnelly et al. demonstrated that vertebral fractures in AS occur with increasing age, disease duration, and severity of disease, and they further found that bone mass reduction in the lumbar spine or femoral neck is not a good predictor of the likelihood of fracture [6] . Interestingly, all the patients with vertebral fractures in our study belonged to the mild disease group. Moreover, it was recently reported that AS patients with mild disease also had a higher risk of fracture than the normal population [18] .
In conclusion, osteopenia was frequently observed not only in patients with clinically severe AS but also in those with mild AS with little mobility limitation. Bone mineral density measurements, for the detection of osteopenia, were more sensitive at the lumbar spine than at any of the proximal femur sites in the mild disease group. In severe AS, however, the frequency of osteopenia at the femoral neck and Ward's triangle was as high as at the lumbar spine. Both BMD and T-scores in severe disease were lower than in mild disease at the femur neck, Ward's triangle, and total proximal femur but not in the lumbar spine. The progression of osteopenia in AS may be reflected more reliably at the proximal femur sites (except greater trochanter) than at the lumbar spine. It is probably due in part to progressing paravertebral calcification during the course of AS.
